The supplemental material includes six tables and six figures, along with additional experimental details for the experiments discussed here.
FIGAERO-CIMS Instrument Description
The FIGAERO-CIMS instrument has been described previously in detail (Lee et al., 2014; Lopez-Hilfiker et al., 2014) . In brief, the measurement of organic aerosol using FIGAERO-CIMS involves two steps: real-time sampling of the gas-phase with simultaneous isothermal collection of particles onto a filter through a separate inlet, followed by temperature programmed thermal desorption and detection of particle-phase species. Thermal desorption of particles occurs in two-stages: a "ramping" and "soaking" period. During ramping, the temperature of UHP N 2 programmatically increases from room temperature to 200 °C, typically at 10 °C min -1 . The majority of the organic aerosol mass desorbs during the ramping stage. During the soaking period, the UHP N 2 is held at 200 °C for ca. 30-40 mins to facilitate evaporation of the remaining, low-volatility organic mass from the filter.
The desorbed gas-phase compounds are transferred to the high-resolution time-of-flight (HRToF) CIMS for continuous detection and quantification at ca. 1 Hz. Iodide (I -) is used as the reagent ion, which is appropriate for characterization of generally highly oxygenated components comprising most secondary organic aerosol (Isaacman-VanWertz et al., 2017; Lee et al., 2018) . In a typical SOA system, hundreds of ions having the general formula C x H y O z Iare usually detected.
The resulting signal or mass concentration versus temperature (or equivalently time) curves for each ion constitute a thermogram. The overall bulk thermogram is obtained by summing together the individual thermograms.
All individual thermograms are background corrected by subtracting the observed thermograms from appropriate blank experiments. Blank experiments are periodically conducted by placing an additional Teflon filter upstream of the particle filter. The same collection time and desorption processes are used for blank experiments as for samples. The blanks account for contributions from adsorption of gaseous compounds in the air stream and for desorption of compounds from the inner surfaces of the FIGAERO.
Additional Experimental Details
Several example applications of the clustering on FIGAERO-CIMS data are discussed in Section 4. These include experiments on SOA derived from: (1) OH + α-pinene and (2) OH + ∆−3-carene, both at low-NO x conditions; (3) OH + α-pinene as a function of [NO] ; and (4) O 3 + α-pinene, but where the SOA is allowed to isothermally evaporate for varying amounts of time prior to thermal desorption. These experiments are briefly described below.
All the experiments were done in a 10.6 m 3 Teflon environmental chamber at Pacific Northwest National Laboratory (PNNL) (Liu et al., 2012; Liu et al., 2016) . Details of SOA formation and chamber conditions are summarized in Table 1 .
Experiments #1-3 were part of the campaign of SOA Formation from Forest Emissions Experiment (SOAFFEE). SOAFFEE was designed and conducted to study the influence of reaction conditions on the formation, composition and properties of biogenic SOA. We consider only a subset of all the SOAFFEE experiments. For the experiments in this study, the chamber operated in continuous-flow mode. The total flow through the chamber was 48.2 L min -1 , resulting in a residence time of ~3.7 hours. Biogenic precursors were delivered into the chamber by flushing pure air through a glass bulb immersed in a temperature-controlled liquid bath held at 1 °C that contained a small volume of the pure liquid. OH radicals were produced from the photolysis of H 2 O 2 . An aqueous solution of H 2 O 2 was introduced into a gently warmed glass bulb by a syringe pump. A controlled flow of pure air is passed through the bulb to deliver the desired concentration of H 2 O 2 into the chamber.
Seed particles of (NH 4 ) 2 SO 4 were used to enhance SOA formation and reduce losses of semivolatile reaction products to the chamber walls. Seed particles from atomization were dried and 50 nm particles were selected using a differential mobility analyzer (DMA), which were introduced into the chamber. The chamber relative humidity (RH) was 50%. For experiments #1-2, no NO was added. For experiment #3, a varying amount of NO was added to the chamber via a calibrated gas cylinder and a mass flow controller. A suite of online instruments characterized the chamber outflow, including a UV absorption O 3 analyzer (Thermo Environmental Instruments model 49C), an NO-NO 2 -NO x analyzer (Thermo Environmental models 42c and 42i), a TSI scanning mobility particle sizer for the number and volume concentrations of aerosols (SMPS Model 3081), an Ionicon quadrupole proton-transfer-reaction mass spectrometer (PTR-QMS) for concentration of precursors, and an Aerodyne high-resolution time-of-flight mass spectrometer (HR-ToF-AMS) for the submicron particle mass and bulk composition. Additionally, FIGAERO-CIMS was used to monitor the gas-and particle-phase products of VOC oxidation. Experiment #4 has been described in detail previously . The work herein focuses on the experiments performed at PNNL at an evaporation RH of 80%. For this set of experiments, FIGAERO-CIMS was operated in two modes, normal and wait mode. In the normal mode, desorption is initiated as soon as sufficient mass is collected. In the wait mode, collected particles were allowed to isothermally evaporate for some period of time prior to thermal desorption. For the isothermal evaporation, the UHP N 2 humidified to 80% RH was continuously passed over the filter at room temperature. Dilution of the air around the filter led to evaporation of SOA. The time of isothermal evaporation ranged from 1 hour to 24 hours, resulting in varying extents of mass loss of SOA from the filter. The chemical compositions of the remaining SOA were then characterized by thermal desorption of the particles. Figure S1. Similar to Figure 4 , but guidance for determining the optimal ε for the ∆-3-carene +OH SOA. The variation of four parameters, N c , N c,total , f m,unclustered and R interClst are shown as a function of the distance criterion ε. The black horizontal dashed line is guide judgement for R interClst ≥ 2. The values highlighted by a rectangle are those corresponding to the optimal ε used for the following clustering analysis. Table S3 . Chemical characteristics of each cluster identified in the α-pinene + OH + NO SOA system. The single clustering approach is used based on 5 ppb NO experiment. Figure S4 . Guidance for determining the optimal ε for the α−pinene +OH SOA formed under (a) 5 ppb, (b) 10 ppb and (c) 25 ppb NO conditions for the multiple clustering approach. The variation of four parameters, N c , N c,all , f m,unclustered and R interClst are shown as a function of the distance criterion ε. The black horizontal dashed line is guide judgement for R interClst ≥ 2. The values highlighted by a rectangle are the values corresponding to the optimal ε used for the following clustering analysis.
Table S4
Chemical characteristics of each cluster identified in the α-pinene + OH + NO SOA system for three different NO conditions (5, 10 and 25 ppb) from the multiple-clustering approach. S5 . Guidance for determining the optimal ε for the α−pinene +O 3 SOA system with no isothermal evaporation for the single clustering approach. The variation of four parameters, N c , N c,total , f m,unclustered and R interClst are shown as a function of the distance criterion ε. The black horizontal dashed line is guide judgement for R interClst ≥ 2. The values highlighted by a rectangle are the values corresponding to the optimal ε used for the following clustering analysis. 
Table S5
Chemical characteristics of each cluster identified in the α-pinene + O 3 + Evaporation SOA system from the single-clustering approach, using the no-wait experiment as the reference. Figure S7 . Guidance for determining the optimal ε for the α−pinene +O 3 SOA system with (a) no isothermal evaporation (b) 1 hr (c) 3 hrs (d) 6 hrs and (e) 24 hrs of isothermal evaporation for the multiple clustering approach. The variation of four parameters, N c , N c,total , f m,unclustered and R interClst are shown as a function of the distance criterion ε. The black horizontal dashed line is guide judgement for R interClst ≥ 2. The values highlighted by a rectangle are the values corresponding to the optimal ε used for the following clustering analysis.
Table S6
Chemical characteristics of each cluster identified in the α-pinene + O 3 + Evaporation SOA system for five different isothermal evaporation conditions. The multiple clustering approach is used so each evaporation experiment is clustered independently. 
